Ultrasonic cleaning is more effective in cleaning hard materials, than the cleaning of soft or porous materials. It was found that, the harder the surface, including the operation of ultrasound is more efficient. Hence, metals, glass, hard plastics well led by ultrasound and are ideally suited for ultrasonic cleaning.
Fig. 1.1 Ultrasonic cleaning system
The quality of ultrasonic cleaning can be improved: -increasing the ultrasonic power density (cavitation stronger, better cleaning effect), -reducing the frequency of the generated ultrasound (a stronger phenomenon of cavitations), -maintaining optimal cleaning bath temperature, the temperature range from 40 C to 50 C (cavitation effect is strongest). By increasing the temperature of the cleaning bath can get more cleaning, but for temperatures ranging from 70 C to 80 C, the cleaning effect will be weaker now.
Block diagram and the main circuit of the ultrasonic generator ( Fig. 1 .2) consists of: -converter AC/DC, -full-bridge inverter FBI (T 1 -T 4 , D 1 -D 4 ), -isolating transformer T, -special filter F (L w , C w ), -sandwich type transducer PT, -sensor of vibrations S (optional), -control unit CU. The control unit consists of two parts. The first part, in FBI inverter, is the frequency feed-back control loop and the second part in AC/DC converter is the amplitude feed-back control loop. Two coupling loop works independently. In the case of overload inverter system of current limiter disconnect supply of AC/DC converter. Signal f set make possible to set up manually frequency switching inverter FBI and signal A set establish amplitude ultrasonic oscillation.
Fig. 1.2 Ultrasonic generator
In most applications, the stabilization of the amplitude of vibration is carried out by other means and do not apply vibration sensor S and the feedback loop. In simple systems, without the exact amplitude of vibration stability, instead of inverter-controlled AC/DC system used free-fall small bridge rectifier. Tuning the frequency of the inverter output voltage to the FBI, the mechanical resonance of the transducer PT is also implemented in different ways. In large power systems apply adaptive systems, such as fuzzy logic systems, as shown in Figure 1 .3. In the case of untuning, the frequency feed-back control system of the converter change the output voltage frequency and untuning the generator to the mechanical resonance frequency of transducers. The output voltage frequency of converter most by equals the mechanical resonance frequency of the transducers and most by tuning with high precise.
AC/DC
In real circuit the mechanical resonant frequency is function of many parameters of piezoelectric material, among others, the most important are temperature, time, and for industrial cleaning systems the column of cleaning factor, and the surface of the cleaned elements. The frequency feed-back control system for the short power most by very simple, and for the high power very complicated. The precise microprocessor control systems with an observer often requires knowledge of the electrical model of the replacement of the converter, especially for frequencies near the mechanical resonance. To identification this parameters is used genetic algorithm.
Sandwich type ultrasonic transducer 2.1 Construction
The view and construction of ultrasonic transducer by sandwich type is shown in Figure 2 .1. This element is made of piezoelectric ceramics PZT and are for example a combination of steelceramics-aluminum blocks connected by one or several screws. The transmitter is constructed of two metal blocks between which are clamped piezoelectric ceramic plate ( Fig.2.1.b ). This transducer design has much less to its resonant frequency compared to the same frequency of the vibration plate and more importantly allows you to generate ultrasound with high power ratings. Change torsional screw adjusts the ratio of mechanical stiffness (elasticity), and reduces the weight of the mechanical resonance frequency of the entire transducer. Minor changes to the degree twist allows fine tuning of the resonance frequency transducer to the required value. Piezoelectric ceramic plates squeeze between two metal blocks also has practical significance. Piezoelectric ceramic material from which the rings are made of a material that is very hard, but unfortunately also fragile. By increasing the stiffness of the mechanical transducer is thus protects the vibrating piezoelectric ceramic rings before cracking and crushing. As mentioned above, the elements likely to attract the vibrations of sandwich transducers are piezoelectric ceramic plate. On the surface of the contact blocks and metal plates shall be a partial reflection of ultrasonic wave generated in the transducer. The energy associated with this wave is lost as heat and causes a reduction in efficiency of the converter and increasing its temperature. Any change in temperature alters the mechanical stresses occurring in the piezoelectric ceramic plates and changing the mechanical resonance frequency. Losses can be minimized if the acoustic impedance of the metal from which the blocks are made of has a value close to the acoustic impedance of piezoelectric ceramic material. The sandwich transducers employed environmental overlays hydroacustic metal blocks should be small as possible acoustic impedance, acoustic impedance similar to water. Types of materials used and construction of the transmitter determines, therefore, two contradictory requirements, forcing the designer to compromise. In addition to the tiered sandwich transducers are often used pickups, flat and tubular bimorph. 
Electric Model
Most assumed that the equivalent electrical circuit of piezoelectric ceramic transducers about the resonant frequency of mechanical vibration consist of connection in parallel resistance R e , capacity C e and dynamic RLC elements.
This model is shown in Figure 2 .2., where R e = resistance of the piezoelectric ceramic plates, C e -static, electric capacity of the transducer, C -equivalent mechanical capacity, L -equivalent mechanical inductance, R -equivalent resistance, R = R m + R a where: R m -equivalent mechanical loss resistance, R a -equivalent acoustic resistance.
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Using this model we can simulate and monitor the operation of the sandwich type transducer. The building is distinguished by its two components: a electrical branch, which includes R e and C e , and dynamic branch, which consists of R, C, L elements. The values R e , C e , C, L, R most be calculated from admittance characteristic of transducers ( Fig. 2.3 ), for the off-load and on-load conditions (R a = var).
Application of genetic algorithm to identify the parameters of the transducer
The electrical characteristics of ceramic transducer resistance R e and electrical capacitance C e can be determined with high accuracy on the basis of electrical measurement. Changes in these parameters while the transducer can be considered to be negligible because of the transmitter power is assumed that the C e and R e are fixed. Parameters of dynamic branch R, L, C of power piezoelectric ceramic transducer model electric are not physically measurable. We can only designate empirically. Identification algorithm is therefore based on numerical calculations. Input parameter for these calculations is the image of the actual characteristics of the transducer admittance. An example measurements of results for the transducer mechanical resonance frequency equal to about 43 kHz is locate in appendix in Table 1 and one-to-one correspondence real admittance characteristics of this transducer is shown in Fig.3.1 . The graph consists of points whose coordinates correspond to the conductance G = Re(Y) and susceptance B = Im(Y) of the converter, measured at a certain frequency.
Analysing the shape of this characteristic can be clearly observed that with increasing frequency (Figure accordance with the frequency increasing clockwise), outlines the main loop of the graph. In the general case, the image of the curve is an ellipse. This ellipse is interpolated electrical admittance characteristics of an ideal replacement transducer schedule shown in Fig.3 .1. It may be noted that the actual characteristics, in addition to the main loop also includes many smaller "loops" that testify to the presence of additional resonances in the transducer side. These resonances, however, will not occur in the adopted system replacement transmitter. After eliminating these "loops" with the actual picture of the actual characteristics of the admittance characteristics of the transducer will be the figure presented in Fig. 3 .2.
In Table 1 are marked in bold points, which missed the chart. The set of coordinates of the actual approximation characteristics transducer (Fig. 3.2) is a database for further calculations.
Calculation algorithm
Designation of alternative modes of dynamic parameters of the transmitter requires the implementation of numerical calculations and find such a set of R, L, C parameters, which in a given error will allow mapping of the main loop, the actual characteristics of the transducer admittance presented Fig.3 .2. One element of the identification of these parameters is a genetic algorithm.. Generally one can say that the genetic algorithm is a regula -system learner who makes a certain number of iteration steps. It is a group of strict security procedures that are based on the fundamental mechanisms of biological evolution such as natural selection and inheritance. It works interactively with the environment in discrete time. The algorithm of this type of reproduction may take place subject to the diversity of the population: -model with preload, -measures niche A special feature of this type is that the algorithm is not seeking a single optimal solution, but a group of cooperating the best solutions. At any time, the algorithm works evolutionary principle of survival, which is always available some of the best solutions at the moment. As the proceedings algorithm solution to optimize and adapt to the conditions in which the algorithm works. For further calculations is always the best solutions are selected and rejected solutions are worse. Here there is a process of succession. In order to obtain optimal solutions group for further reproduction of the best solutions are selected at the time of the algorithm. It is a natural selection process occurs in nature. It is known that the probability of obtaining better result is greater if we use it to generate the best available solution than the use of inferior results. According to the law of nature and genetics "survive" the best and strongest. The genetic algorithms is a natural process of mating genes. It is no different genetic algorithm. There also are choosing the best "genes" of each solution and verify their combinations. Alongside the cross as a natural evolution is mutation, a random change in the gene. Both these processes are the values of the genetic operator.
Using the genetic algorithm, remember to keep the best balance between the transfer of genes to the next generation, and a draw solution space. Too broad conditions imposed solutions may give erroneous results in spite of every generation the best available solution at the moment. Genetic algorithm is an excellent tool to monitor and maintain the balance between these two dependencies.
The overall pattern of genetic algorithm is illustrated in Fig. 3.3 . Using a genetic algorithm to identify the parameters of dynamic model of the electrical branch of the transducer sandwich working near mechanical resonance is shown in Fig. 3.4 . The initial value of the dynamic resistance R is calculated by selecting the characteristics shown in Fig.3.1 point with coordinates (G max , B e ). In this point there is a mechanical resonance of the transducer and is a good approximation condition.
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The dependence (2.2) shows that the resonance:
Choosing the actual characteristics of the admittance of any two points with coordinates (G 1 , B 1 ), (G 2 , B 2 ), which lie beyond the point of mechanical resonance (ω 1 ≠ ω 0 , ω 2 ≠ ω 0 ) can calculate the initial value of the replacement of mechanical capacity C.
Transforming the system of equations:
and taking into account that for G max is equal to the pulsation vibrations ω 0 approximate value of C is described by the formula: 
The initial value of the replacement of mechanical inductance L determined from the relationship:
After substituting the calculated value of the R, L, C and the measurement R e , C e the relationship (2.1) and (2.2) is determined by numerical coordinates of the points of the electrical characteristics of the admittance model for the same pulse, for which measurements of actual performance. If the error resulting from a comparison of the approximation characteristic with real characteristic (Fig.3.2) is greater than the accepted values, generate a new population of R e , C e , R, L, C parameters, repeat the calculation of coordinates of the electrical characteristics of the model and then analyze the resulting error. Calculations should be continued until the error resulting from a comparison of the characteristics shown in Fig.3.2 with the characteristics of the accepted model of the electrical transducer is smaller than the set value. Measurement error should be performed in the pulsation ω changing between points B max and B min (Fig.3.2) . Simulation parameters ( p t , k t ,  Evolution parameters (Num,Size, NumM,Initial,NumG,stop) Examples of results obtained in subsequent iterative steps for the transducer mechanical resonance frequency of 42.9 kHz is shown in Fig.3 .5. When the next iterative step will be the condition for the completion of the calculations should be considered that the characteristics of the model shown in Fig. 2.2 parameters R e , C e , R, L, C generated in the genetic algorithm in the last population of values, coincides with the actual characteristics of the interpolated transducer. The shape of this characteristic is shown in Fig. 3 .6. 
Effect of the electrical equivalent circuit parameters on the shape characteristics of the transducer admittance
Location of figures which creates a characteristic admittance of the transducer coordinate system B(ω) = f [G(ω)] can be determined by changing the value of capacity C e and the loss of electrical resistance of ceramics R e . The higher value of Re the greater displacement figures to the right people along the conductance G(ω). If you forget in the pattern of replacement sensor resistance R e (R e → ∞) will move to the left approximation of the characteristics. In this case, the graph will be almost tangential to the axis B(ω). Reduction in the capacity of C e will move down the sheet, along the axis B(ω). Conductance G max value determines the width of the main loop of the graph. From relation (3.2) shows that the value of G max decreases when the resistance R increases. The impact of dynamic capacity C can analyze the shape characteristics of saving the relationship (2.1) in the form
For small, ± 2% of the pulsation untuning mechanical resonance, it can be assumed that: 
Conclusion
The actual characteristics of the admittance is a source of transparent, condensed information about the properties and parameters of the piezoelectric ceramic transducer stimulated by the mechanical vibrations. Used to identify the dynamic parameters of R, L, C, and optimization of electrical parameters R e , C e occurring electric transducer model, genetic algorithm uses these data and represents one of many possible methods to use here. It has the advantage that it can be realized in automatic cycle. Based on preliminary data obtained experimentally from measurements of electrical parameters (R e , C e ) and measurements of voltage and current waveforms created image of the actual transducer admittance characteristics of B(ω) = f [G(ω)]. Genetic algorithm can find the optimal approximation of the characteristics, correction of the value of R e , and C e and calculation of parameters R, L, C model of the electrical industry dynamic.
An important part of the described method is the proper preparation of input data. They should be given in the form of an ordered table of coordinates of points lying on the actual characteristics of the transducer according to those points that do not belong to the main loop of the graph. The process of eliminating points of the loop parasitic resonances can be implemented step by step analysis of the data included in the table of measurement results or by analyzing the image created by a set of characteristic points of B(ω) = f [G(ω)]. Attempts to identify the parameters of a single transducer mechanical resonance frequency of 23.8 kHz and 43.2 kHz have confirmed the effectiveness of the genetic algorithm. Identification algorithm described above can be particularly useful in studies of larger groups of ultrasound transducers in high-power washing. By introducing the necessary modifications can also be used to identify the parameters of transducers working in real conditions and to implement control systems that track the frequency of mechanical resonance.
